Aim: Obsessive-compulsive disorder (OCD) is associated with deficits in response inhibition and planning, which are governed by the central executive network. The objective of this study was to investigate both intra-and inter-regional restingstate connectivity within the central executive network in OCD.
disease-related plasticity might help us better understand the neurobiological mechanisms of OCD.
The brain regions within the central executive network are tightly functionally connected and essential for cognitive control. Interestingly, these regions appear to exhibit altered structural and functional connectivity in OCD. 2, 8, 9 A meta-analysis of voxelbased morphometry studies found that OCD patients had gray matter abnormalities in the central executive network, including the DLPFC and OFC. 5 Zhang et al. reported altered activity in a top-down resting-state control network, including the lateral frontal and cingulate cortices in OCD. 8 Gottlich et al. found that OCD patients showed increased inward connectivity between brain regions (i.e., DLPFC and OFC) within the executive network. Furthermore, the inward module connectivity within the executive network positively correlated with the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) score. 9 The blood-oxygen-level dependent activation signal observed using resting-state magnetic resonance imaging (RS-fMRI) indirectly reflects the spontaneous, or intrinsic neuronal activity in the brain at rest. 10 Independent component analysis (ICA) is a data-driven technique that can extract intrinsic patterns of coherent neuronal activities without a priori assumptions and can identify several resting-state functional networks. 4, 11 Regional homogeneity (ReHo) is a method for measuring local brain synchronization of spontaneous activity within neighboring voxels. 12 Abnormal ReHo values may be related to a disequilibrium of baseline activity in a brain region. 12 The seed-based functional connectivity approach, meanwhile, is the most widely used technique for exploring inter-regional synchronized activities between remote brain regions. 13 In this study, we used ReHo and seed-based functional connectivity analysis to investigate changes in spontaneous neural activities within the central executive network in OCD patients at rest. Our hypotheses were that OCD patients would exhibit altered intraand inter-regional functional connectivity within the central executive network and these changes would be associated with the clinical symptoms of OCD.
METHODS

Subjects
Thirty subjects with OCD were recruited from the Qiqihar Mental Health Center and the Fourth Affiliated Hospital of Qiqihar Medical University, Heilongjiang, China. The Structured Clinical Interview for DSM-IV was used to diagnose OCD. 14 We used the Y-BOCS, 15 the 17-item Hamilton Rating Scale for Depression (HAMD) 16 and the Hamilton Anxiety Rating Scale (HAMA) 17 to rate the severity of OCD, depressive, and anxiety symptoms, respectively. Only patients with a score ≥ 16 on the Y-BOCS scale and a score < 18 on the HAMD scale were included. All clinical volunteers were righthanded and 18-60 years old. Exclusion criteria included any history of neurological disorders, major physical diseases, psychiatric disorders other than OCD, substance/alcohol use disorder, or nicotine/caffeine dependence. Of the 30 patients, 20 were on stable doses of selective serotonin reuptake inhibitors (SSRI); six had not taken medications for OCD in the past month; and four had never taken any medications for OCD at the time of the scan.
Thirty healthy volunteers were recruited from the local community and assessed using the Structured Clinical Interview for DSM-IV Axis I Disorders-Nonpatient Edition. 18 None of the healthy controls had any neurological illness, major physical diseases, psychiatric disorders, self-reported family history of major psychiatric disorders, drug/alcohol use, or smoking/nicotine use.
Ethics statement
This study was approved by the Research Ethics Committee at Qiqihar Medical University. All participants were briefed about the purpose, content, potential risks, and benefits of the study, the principles of voluntary participation, as well as the anonymity and confidentiality aspects of the study.
Image acquisition and preprocessing
RS-fMRI volumes were acquired with a 3.0-Tesla GE 750 Signa-HDX scanner (General Electric Healthcare, Waukesha, WI, USA) at the Third Affiliated Hospital of Qiqihar Medical University, Heilongjiang, China. Subjects were instructed to be still, relax, close their eyes, avoid falling asleep, and to not think of anything in particular. The RSfMRI scans were obtained using an echo-planar imaging (EPI) sequence with the following parameters: 33 19 was used for image preprocessing. We discarded the first 10 time-points to ensure signal stabilization. Slice timing and head motion correction were conducted. The functional images were normalized to the standard EPI template, and spatially resampled to a voxel size of 3 × 3 × 3 mm 3 . Subsequently, spatial smoothing was conducted with an 8-mm full width at half-maximum Gaussian kernel (FWHM). The signal was linearly detrended and band-pass filtered at 0.01-0.08 Hz to reduce low-frequency drift and high-frequency physiological noise.
Central executive network template creation
The central executive network template was generated on a separate resting state fMRI sample of 15 healthy adult volunteers recruited for another clinical study. We use ICA analysis with the Functional Magnetic Resonance Imaging of the Brain Software Libraries (www.fmrib.ox.ac.uk/fsl). The following pre-processing steps were undertaken: removal of the first 10 of 320 volumes, motion correction, slice time correction, brain extraction, spatial smoothing with a 5-mm full-width halfmaximum (FWHM) Gaussian kernel, high pass temporal filtration (sigma =100 s), linear registration using the Montreal Neurological Institute-152 template, and resampling into a 3-mm isotropic space. The group probabilistic ICA was performed using the standard Multivariate Exploratory Linear Decomposition into Independent Components tool (MELODIC, FSL, FMRIB, Oxford, UK) protocol with multi-session temporal concatenation of the normalized time courses of all subjects and subsequent 25-, 35-, and 45-dimensional subspace projections. The independent component networks corresponding to the central executive networks were selected by visual inspection of the anatomy, time courses, and power spectrums. The central executive networks were subsequently thresholded at a P ≤ 0.05 and binarized. Resulting masks were then merged into a common template, thresholded to include only overlapping regions, made symmetrical, and binarized using a custom MATLAB script (Fig. 1a) .
ReHo analysis within the central executive network
ReHo analysis was conducted on non-smoothed RSfMRI data. Kendall's coefficient of concordance (KCC) was calculated based on the local signal synchronization of 27 adjacent voxels. 12 The ReHo maps were generated in a voxel-wise method for each subject and subsequently standardized by division by each participant's global mean KCC value within the brain mask. Finally, the standardized ReHo maps were spatially smoothed with an 8-mm FWHM Gaussian kernel. An independent twosample t-test between OCD patients and healthy controls was performed on the standardized ReHo maps within the central executive network template using Statistical Parametric Mapping (SPM8) (http:// www.fil.ion.ucl.ac.uk/spm). The statistical maps were thresholded at a corrected P-value of < 0.05 (voxels with P < 0.05 and a cluster size > 1458 mm 3 [54 voxels] as determined by AlphaSim in Analysis of Functional Neuroimages software). 
Seed-based functional connectivity analysis between brain regions with abnormal ReHo within the central executive network
Brain regions with significant between-group ReHo differences were used as defined masks for functional connectivity analysis. A reference time-course was obtained by averaging the time series of all voxels in each mask. Pearson's correlation analysis was subsequently carried out between each mask reference time-course and the time series of all other brain voxels within the central executive network in a voxel-wise manner. Six head motion parameters, global mean, white matter, and cerebrospinal fluid time-course were used as nuisance covariates. The correlation coefficients were normalized to Z-values to facilitate easier comparison. An independent twosample t-test between the two groups was performed on the standardized functional connectivity z-maps with SPM8. P < 0.05 (AlphaSim-corrected) was used as the significance threshold.
Demographic and clinical correlation analysis
In addition to the above statistical analysis, independent t-tests were performed on the demographic and clinical characteristics, using SPSS 13.0 (SPSS Inc., Chicago, IL, USA). A partial correlation analysis was calculated between the RS-fMRI measures within the central executive network (i.e., ReHo values and the Z-values showed significant group differences) and the duration of illness as well as the severity of OCD symptoms. The total HAMA and HAMD scores were considered as covariates to control the comorbid, non-specific anxiety and depression symptoms. 
RESULTS
Demographic and clinical data
There was no significant difference in age between control and OCD subjects (28.17 AE 7.65 years and 26.23 AE 5.69 years, respectively) (P > 0.05). The sex distribution was 23 M/7 F and 24 M/6 F in the control and OCD groups, respectively. The duration of OCD was 66.43 AE 48.53 months (range, 4-168), the total Y-BOCS, HAMD, and HAMA scores were 23.77 AE 6.85, 10.80 AE 5.72, and 12.80 AE 6.70, respectively.
ReHo differences within the central executive network
Compared to healthy controls, OCD patients exhibited significantly increased ReHo in the right OFC, left DLPFC, bilateral ventrolateral prefrontal cortex (VLPFC), and left angular gyrus (Table 1 and Fig. 1 ).
Functional connectivity differences within the central executive network
Five clusters with significantly altered ReHo in OCD patients were used for further seed-based functional connectivity analysis.
Compared to healthy controls, OCD patients demonstrated abnormal patterns of functional connectivity for all of the five cluster seeds (Table 2 and Fig. 1 ). Significantly increased functional connectivity between the left angular gyrus and right OFC, left DLPFC, and left VLPFC were observed. Significantly increased functional connectivity between the right OFC and left VLPFC was also observed in OCD patients.
Relation between altered spontaneous neural activities and clinical symptoms
Partial correlation analysis revealed that the increased ReHo value in the right OFC was negatively correlated with the duration of illness (r = −0.461, P = 0.020). The increased functional connectivity between the right OFC and left angular gyrus was significantly negatively correlated with the duration of illness (r = −0.410, P = 0.042).
DISCUSSION
In this study, ReHo and seed-based functional connectivity methods were used to explore the intrinsic neural activities within the central executive network in OCD patients at rest. Our study identified increased local synchrony in the several regions of the central executive network, such as the OFC, DLPFC, and angular gyrus, as well as increased functional connectivity among these key regions in OCD. Furthermore, the changes in both ReHo within the OFC and the functional connectivity between the OFC and angular gyrus were negatively correlated with OCD duration.
Previous studies using different methods suggest that the OFC plays a very important role in the pathophysiology of OCD, potentially even serving as a vulnerability marker for OCD. The OFC is involved in many functions, including cognitive regulation. 23 Hypoactivity of OFC was found in cognitive tasks; conversely, hyperactivity of OFC has been reported in OCD patients at rest. 23, 24 Unmedicated OCD patients showed greater distant and local functional connectivity in the OFC at rest. 25 Furthermore, distant connectivity of the OFC was positively related with OCD symptom severity. 25 These results suggest that the altered network properties in the OFC can be used to predict the neurobiological models of OCD. 25 Increased local regional synchronized activity in the right OFC within the central executive network at rest in our results supports the hypothesis that OFC dysfunction is one of the key factors involved in OCD, and may reflect difficulty in cognitive regulation. Therefore, OCD patients must expend effort to inhibit behavioral patterns that cannot be normally terminated, such as intrusive thoughts or ideas. 26 The DLPFC has an important role in executive planning, cognitive flexibility, and set shifting. 22, 27 Functional brain-imaging studies have found associations between decreased DLPFC activity and planning, 27 and between increased activity and both response inhibition and active OCD symptoms. 28, 29 DLPFC hyperactivity at rest in OCD patients may impede patients' abilities to reduce internal conflict through the filtering of responses unrelated to the task at hand. 29 This may be related to difficulties in disengaging from internally generated intrusive thoughts as well as in the ability to plan new activity to adapt to the changing external environment.
Another OCD-related region detected in our analysis was the angular gyrus, which is located at the back of the inferior parietal lobule. Cognitive impairment in task-switching and visual memory in OCD patients may be associated with inferior parietal lobule dysfunction. 30 Abnormally increased local regional synchrony in the angular gyrus may cause OCD patients to experience difficulties with switching from internal thoughts and accurately recalling information about visual stimuli. 31 Nonetheless, it is important to note that not all fMRI OCD studies have reported significant changes in the inferior parietal lobule. 24 Anatomical studies in OCD patients have also yielded mixed results. Some found increased, 32 while others found decreased, 33 grey matter volumes in the parietal lobules of OCD patients. Different sample sizes and clinical symptoms in the datasets used in the different studies may underlie these inconsistencies. Although the inferior parietal lobule is not as widely studied compared to the other regions discussed above, it is an important region that warrants further exploration into its involvement in the cognitive pathology of OCD.
In addition to the above results, our study also revealed significantly increased functional connectivity between the OFC, DLPFC, VLPFC, and angular gyrus within the central executive network in OCD patients at rest, which is similar to the results of Gottlich et al. The OFC, DLPFC, and angular gyrus are all parts of ventral and dorsal circuits in Kwon's model of pathophysiology of OCD. 30 These regions may work together to inhibit or terminate inappropriate responses, and subsequently select and control appropriate sequences of thoughts and behaviors. Increased functional connectivity strength in these brain regions may lead to a dysfunctional strategy for coping with threat and uncertainty, and may be related with the clinical symptoms of OCD, such as excessive monitoring of intrusive thoughts and behavior, which may explain why patients must exert great effort to resist the obsessive-compulsive urges at rest. 9 Furthermore, our analysis has also revealed that the increased ReHo in the right OFC, and positive functional connectivity between the right OFC and the left angular gyrus, were both inversely related to illness duration in our OCD patients. These results support the hypothesis that OCD is a progressive disease and that ReHo changes in the OFC and functional connectivity changes between the OFC and angular gyrus may be explored further as a potential biomarker for the progress of OCD.
It is worth noting that most OCD patients (n = 20) were on SSRI treatment, which may impact the results of our study. Antidepressant pharmacotherapy is known to reduce local intrinsic synchronized activity in DLPFC and OFC in drugnaïve OCD patients. Recent studies also found that antidepressant medication reduced resting-state functional connectivity between the OFC and the striatum, between the prefrontal cortex and the amygdala, and in the dorsomedial prefrontal cortex in previously SSRI-naïve healthy controls with no psychiatric history. 36, 37 Furthermore, compared with unmedicated OCD patients, medicated OCD patients exhibited decreased local connectivity within the ventral striatum at rest, which suggests that antidepressants may reduce connectivity within corticobasal ganglia-thalamocortical circuits in OCD. 25 All of these evidences suggest that antidepressants may reduce the intra-and inter-regional connectivity within the central executive network at rest. Due to the pharmacotherapeutic heterogeneity of our sample, the results of our study should be interpreted with caution and explored further in future studies with drug-naïve OCD patients. Another important limitation of our study was the relatively small sample size.
In summary, this study has demonstrated increased functional organization within the central executive network of OCD patients at rest, which may be related to patients' deficits in cognitive control as well as the progression of OCD.
